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[Title of Document] Specification 

[Title ofthe Invention] OPTICAL RECORDING MEDIUM AND 

TRACKING METHOD 

[Claims] 

[Claim 1] An optical recording medium having pits which generate 
DPD signals or push-puU signals with opposite polarities which are mixedly 
formed on the substrate; 

wherein the existence ratio between the respective pits is adjusted to 
generate tracking servo signals having one of said polarities of signals, as a 
result of averaging over a time interval shorter than the response time of the 
tracking servo during tracking with a Kght beam on a track consisting of pit 
arrays. 

[Claim 2] 

An optical recording medium having pits and marks which generate 
DPD signals with opposite polarities which are mixedly formed on the 
substrate; 

wherein the existence ratio between the pits and marks is adjusted to 
generate tracking servo signals having one of said polarities of signals, as a 
result of averaging over a time interval shorter than the response time ofthe 
tracking servo during tracking of a Ught beam on a track formed from the 
pits and the marks. 



[Claim 3] 

An optical recording medium having grooves or lands for recording 



recording marks and pits formed from concave portions and convex portions, 
the grooves or lands and the pits being mixedly formed on the substrate; 

wherein all or some of said pits and grooves generate push-pull 
signals with opposite polarities, and the existence ratio between the pits and 
the grooves or lands is adjusted to generate tracking servo signals having 
one of said polarities of signals, as a result of averaging over a time interval 
shorter than the response time of the tracking servo during tracking with a 
light beam on a track consisting of the pits, the grooves or lands. 

(Claim4) 

A tracking method for an optical recording medium having pits which 
generate DPD signals with opposite polarities which are mixedly formed on 
the substrate: 

wherein the gain of the tracking servo is varied on the basis of the 
amplitude of said signal resulted from averaging over a time interval shorter 
than the response time of the tracking servo during tracking with a Ught 
beam on a track consisting of pit arrays. 

[Claims] 

A tracking method for an optical recording medium having pits and 
marks which generate DPD signals with opposite polarities which are 
mixedly formed on the substrate; 

wherein the gain of the tracking servo is varied on the basis of the 
ampUtude of said signal resulted from averaging over a time interval shorter 
than the response time of the tracking servo during tracking with a Ught 



beam on a track consisting of the pits and the marks. 



[Claim 6} 

A tracking method and a recording/reproducing device for an optical 
recording medium having pits and grooves or lands which generate 
push-puU signals with opposite polarities which are mixedly formed on the 
substrate; 

wherein the gain of the tracking servo is varied on the basis of the 
amplitude of said signal resulted from averaging over a time interval shorter 
than the response time of the tracking servo during tracking with a light 
beam on a track consisting of the pits and the grooves or lands. 



[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an optical disk having a track 
formed from pits, recording marks and grooves or lands over the entire or a 
portion of the recording surfooe, and tracking servo for an optical-disk device 
for use with such an optical disk. 
[0002] 

DPriorArt] 

For optical-disk reproducing apparatuses for reproducing 
information from an optical disk having information pre-recorded on the disk 
surface thereof with convex and concave shaped pits, there have been 



suggested various typoa of tracking servo techniques for positioning a light 
beam on the pit arrays (track), as disclosed in Japanese Patent Laying-Open 
No. 68-1501145, for example. 
[0003] 

Fig. 11 is a hlotk diagram of tracking servo in accordance with the 
Differential Phase (Diflferential Time) Detection method, wherein the block 
diagram is illustrated by redrawing the structure disclosed in Pig. 3 and Fig. 
4 in the aforementioned Japanese Patent LayinrOpen No. 58-150145. 
[0004] 

The differential phase (differential time) detection (DPD) method is a 
method which receives a light beam reflected by an optical disk with a photo 
detector having four devices along the radial direction and the tangential 
direction of the optical disk, determines the sum signals of outputs of 
diagonaUyT)laced devices of the photo detector, and detects the phase 
difference (time difference) between the sum signals for performing tracking. 
In Pig. 11, the reflected light from the disk is condensed and directed to a 
photo detector 2, and the respective portions output signals corresponding to 
the quantities of incident lights. Adding amplifiers 3-1 and 3-2 determine 
the sum signals of outputs from portions a and c and b and d which arc 
placed diagonally with each other and output them to comparators 
(comparing circuits) 6-1 and 5-2. The comparators 5-1 and 5-2 make a 
comparison between the output signals from the adding amplifiers 3-1 and 
3-2 and reference signals +Refl and +Ref2 and output binarized signals 
resulted from the comparisons. 
[0005] 



Since the reflected Ught beam has been diffracted by the pits, the 
intensity distribution of the reflected light on the photo detector is varied 
with time, depending on the positional relationship between the light beam 
and the individual pits. 
[0006] 

For example, when the light beam foUows the pit arrays just 
thereabove, the sum signals of outputs from the diagonallrpositioned 
devices (a+c) and (b+d) of the photo detector above the pits exhibit the same 
change, which causes the output signals fiom the comparators 5-1 and 5-2 to 
exhibit the same change with the same timing. When the Ught beam 
foUowe the pit arrays at a position deviated from the position just thereabove, 
one of the sum signals of outputs from the aforementioned (a+c) and (b+d) is 
varied more early than the other, depending on the direction of the deviation, 
by the phase difference (time difference) corresponding to the amount of the 
deviation. 
[0007] 

Therefore, by using a phase comparing ciicuit 7 to detect the phase 
difference (time difference) between the output signals from the comparators 
6-1 and 5-2 and to output pulses corresponding to the aforementioned phase 
difference (time difference), then extracting only low-frequency components 
from the pulses with LPFs Oow-pass filters) 8-1 and 8-2 and determining the 
difference therebetween with a differential circuit 9, it is possible to generate 
a tracking signal indicating the amount and the direction of the deviation of 
the light beam relative to the pit arrays. 
[0008] 



Ae another exemplary technique for generating tracking servo 
signals, there is a push-pull method. The push'pull method is a method 
which determines the light-quantily difEerence between the inner side and 
the outer side of the reflected light beam, which is divided along the 
tangential direction, and utilizes it as a tracking signal, and Kg. 12 
represents an exemplary block diagram for generating tracking servo signals 
in accordance with the push-pull method. 
[0009] 

When a light beam is directed to the pit arrays, the reflected light 
has been subjected to diffraction with the pits depending on the positional 
relationship between the hght beam and the pit arrays, and the push-pull 
method divides the reflected light into two parts at the inner side and the 
outer side of the optical disk, detects them and creates a tracking servo 
signal on the basis of the average light intensity. 

looiol 

Referring to Kg. 12, while the reflected hght is condensed onto a 
four-divided photo detector, similarly to the aforementioned differential 
phase (differential time) detection method, the adding circuits 3-1 and 3-2 
add output signals from the devices positioned at the inner side and the 
outer side, rather than the devices positioned diagonally in the photo 
detector, and output the result of the addition to a differential circuit 17. 
The differential circuit 17 outputs the result of determination of the 
difference between the two signals from these adding circuit 3-1 and 3-2 to 
an LPF 18, which eliminates high-frequency components of the respective 
pits from the result of the difference determination for extracting 



low-frequeiKy components, namely signal components corre^onding to a 
substantiallyaveraged deviation of the light beam relative to the pit arrays, 
as a tracking servo signal. This is the prindplo of the push-pull method. 
[0011] 

(Problems lb Be Sdved] 

At present, there is generally utilized, for optical disks, pit Onark) 
length recording which provides information to the presence or absence of 
pits or marks and also to the lengths. If information is also provided to the 
depths of pits, recording of information having greater capacities can be 
expected. This has been abeady proposed by the inventors as JP-A No. 
11-184604. This technique enables adding new information by utilizing 
the feet that diffiraction patterns resulted from interference of light by convex 
and concave pits are varied depending on the depths of pita. 
[0012] 

Fig. 13 is a schematic diagram illustrating the principle of 
reproduction of information recorded by the pits depth. In assuming that 
the wavelength of light is >, and the refractive index of the optical-disk 
substrate is n, pits 31 are relatively shallow pits having a depth of about 
(A/en), which is smaller than (Ay4n) and hatched pits 32 are relatively deep 
pits having a depth of about (V2n), which is greater than (X/4n). When a 
light beam is scanned over the pit arrays in the direction of an arrow 
represented in the figure, the total-sum signal (a) of light quantities of 
incident lights to the photo detector is equal when the light beam exists on 
the pita 31 and when it exists on the pits 82. Namely, the information 
represented by the total-sum signal of light quantities is not significantly 
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varied depending on tho pit depth. Since stable reproduction of information 
is possible when the light quantity is significantly varied depending on the 
presence or absence of pits, it is desirable that the total-sum signal of Ught 
quantities does not vary depending on the pit depth and the reflected-light 
quantity does not vary depending on the pit depth. 
[0013] 

On the other hand, in paying attentions to the signal created by 
dividing reflected light into forward and backward half portions along the 
direction of light-beam propagation and determining the light-quantity 
difference therebetween, namely the tangential push-puU signal (b). the 
pulse-shaped signal generated when the Ught beam is reaching or separating 
firom a pit is reversed in the polarity due to the difference in the Ught 
diffraction pattern caused by the pit depths. This is a phenomenon 
completely independent from the change in the total-sum signal, which 
depends on the presence or absence of pits. 
[0014] 

Accordingly, by detecting the polarity of tho tangential push-puU 
signal, it is possible to add new information to the pit depth, as well as to the 
presence/absence and the lengths of pits. . This is the outUne of the 
aforementioned JP-A No. U-184604 which was filed by the inventors. 

[0015] 

However, the reverse of the polarity of the tangential push-puU 
signal depending on the pit depth means that the diffraction pattern of the 
reflected Ught changes depending on the pit depth. Therefore, the DPD 



aignal and the push-pull eignal which utilize the intonsily distribution of 
reflected light caused by diffiraction patterns may be reversed in the polarity 
between for deep pits and for shallow pits, which prevents normal tracking 
servo control with conventional methods such as the differential phase 
detection method and the push-pull method. 
[0016] 

DPD signals can be obtained from recording marks as well as from 
pits and normal tracking servo control can not be performed for disks having 
pits and recording marks which generate DPD signals with opposite 
polarities which are mixedly fbrmed. Also, push-pull signals can be 
obtained from grooves well as from pits and therefore the same problem will 
be caused for disks having pits and grooves which generate push-pull signals 
with opposite polarities whidi are mixedly formed. 
[0017] 

The present invention provides a technique which enables normally 
performing tracking servo control using a conventional tracking method even 
for optical disks having pits, marks and grooves which generate DPD signals 
or push-pull signals with opposite polarities which are mixedly formed, as 
previously described. 
[0018] 

[Means for Solving the Problems] 

According to a first invention of the present application, there is 
provided an optical recording medium having pits which generate DPD 
signals or push-pull signals with opposite polarities which are mixedly 
formed on the substrate; wherein the existence ratio between the respective 



pits is adjusted to generate tracking servo signals having one of said 
polarities of signals, as a result of averaging over a time interval shorter 
than the response time of the tracking servo during tracking with a light 
beam on a track consisting of pit arrays, in order to solve the aforementioned 
problems. 
[0019] 

According to a second invention of the present application, there is 
provided an optical recording medium having pits and marks which generate 
DPD signals with opposite polarities which are mixedly formed on the 
substrate; wherein the existence ratio between the pits and marks is 
a<^justed to generate tracking servo signals having one of said polarities of 
signals, as a result of averaging over a time interval shorter than the 
response time of the tracking servo during tracking of a Ught beam on a 
track formed from the pits and the marks, in order to solve the 
aforementioned problems. 
[0020] 

According to a third invention of the present application, there is 
provided an optical recording medium having grooves or lands for recording 
recording marks and pits formed from concave portions and convex portions, 
the grooves or lands and the pits being mixedly formed on the substrate; 
wherein all or some of said pits and grooves generate push-pull signals with 
opposite polarities, and the existence ratio between the pits and the grooves 
or lands is adjusted to generate tracking servo signals having one of said 
polarities of signals, as a result of averaging over a time interval shorter 
than the response time of the tracking servo during tracking with a Ught 



beam on a track consisting of the pits, the grooves or lands, in order to solve 

the aforementioned problems. 

[002U 

According to a fourth invention of the present application, there ie 
provided a tracking method for an optical recording medium having pits 
which generate DPD signals with opposite polarities which are mixedly 
formed on the substrate; wherein the gain of the tracking servo is varied on 
the basis of the amplitude of said signal resulted from averaging over a time 
interval shorter than the response time of the tracking servo during tracking 
with a light beam on a track consisting of pit arrays, in order to solve the 
aforementioned problems. 
[0022] 

According to a fifth invention of the prosont application, there is 
provided a tracking method for an optical recording medium having pits and 
marks which generate DPD signals with opposite polarities which are 
mixedly formed on the substrate; wherein the gain of the tracking servo is 
varied on the basis of the amplitude of said signal resulted from averaging 
over a time interval shorter than the response time of the tracking servo 
during tracking with a light beam on a track consisting of the pits and the 
marks, in order to solve the aforementioned problems. 
[0023] 

According to a sixth invention of the present application, there is 
provided a tracking method and a recording/reproducing device for an optical 
recording medium having pits and grooves or lands which generate 
push-pull signals with opposite polarities which are mixedly formed on the 



substrate; wherein the gain of the tracking servo is varied on the basis of the 
amplitude of said signal resulted from averaging over a time interval shorter 
than the rcsponso timo of the tracking servo during tracking with a light 
beam on a track consisting of the pits and the grooves or lands, in order to 
solve the afi>rementioned problems. 
[0024] 

[Embodiments of the Invention] 

Hereinafter, embodiments of the present invention will be described 
using the drawings. Further, in the present embodiment, an optical pickup 
employing an optical system constituted by a laser light with a wavelength of 
650 nm and an objective lens with an NA of 0.6 is used, and an optical disk 
having a track pitch of 0.74 fim, a minimal pit length or a minimum mark 
length of 0.4 ]im and a substrate thickness of 0.6 mm is used for conducting 
experiments, wherein 8/16-modulated signals are recorded on the optical 
disk along the longitudinal direction. Recording and reproduction are 
performed with a linear velocity of 4 m/sec. The tracking servo system for 
driving the objective lens and performing tracking has a response speed of 
about 5 kHz. As described with refierence to Figs, 11 and 12. the DPD signal 
and the push-pull signal are utilized as tracking servo signals after they are 
passed through low-pass filters 8-1, 8-2 and 18. GeneraDy, the band 
necessary for tracking is lower than the band of pits and marks and, if a 
signal with an unnecessarily high frequency is provided to an actuator for 
tracking, this will cause heat generation in the actuator driver and the 
actuator coil, thus leading to degradation of the reliability and the life of the 
device or an increase of the power consumption or operation malfunctions. 



This is the reason that the aforementioned low-pass filters are utilized. 

For the disk and the recording/reproducing apparatus according to 
the present embodiment, the band necessary for tracking is several kHz, and 
recording and reproduction onto and from pits or marks are performed at a 
band of about 6 MHs or less. Consequently, the aforementioned low-pass 
filters pass signals of several 10 kHz or less. 
[0026] 

Pig. 2 represents the relationship between the pit depth and the 
ampUtudes of the tangential push-pull signal and the RF signal. Since the 
disk used in the present embodiment has information recorded in the 
depth-wise direction as previously described, pits having depths D 1 and D2 
as in Fig. 2 are mixedly provided to form a pit array, namely a track. The 
pits having the depth Dl are formed to be shallower than X/4n, and the pits 
having the depth D2 are formed to be deeper than A/4n. Under this 
condition, the existence ratio between the pits having the respective depths 
within a time interval corresponding to the period corresponding to 60 kHz 
was varied, wherein the frequency 50 kHz is ten times the response speed 5 
kHz of the tracking servo system, and the tracking servo signal obtained in 
accordance with the DPD method during track crossing was observed, and 
Fig. 3 represents the result of the observati. 
[0026] 

The signal can be obtained by retaining the focusing servo of the 
pickup actuator at ON while retaining the tracking servo at OFF. Due to 
the eeeentridty of the spirally formed tracks, the light beam travels across 
plural tracks. Fig. 3 represents the tracking servo signal of Pig. 11 obtained 



at this time. 
[0027] 

In contrast to the case where all the pits are formed to have the depth 
Dl, as the ntunber of pits having the depth D2 increases, the amplitude of 
the trackinf servo signal decreases, and when the ratio between the pits 
having these depths reaches 60/60, the tracking servo signal is not generated, 
which is not represented in tho figure. As the number of pits having the 
depth D2 further increases, the tracking servo signal becomes greater in the 
opposite polarity, which is not illustrated in the figure, and when all the pits 
are formed to have the depth D2, the resultant tracking servo signal has 
substantially the same amplitude as that obtained when all the pits are 
formed to have the depth Dl, the polarity thereof being opposite therefrom. 
[0028] 

The reverse of the polarity means that the signal is reversed upside 
down, in Pig. 3. This is because the pits having the depths Dl and D2, which 
generate tangential push-pull signals having opposite polarities, also 
generate DPD signals having opposite polarities. The DPD signals 
obtained bom the respective pits having the depths Dl and D2 at 
frequencies of several MHz have opposite polarities and the same ampUtude. 
The tracking signal used herein has been passed through a low-pass filter 
which passes frequencies equal to or less than 30 kHz. Therefore, in the 
case of signals having a frequency of about 50 Idiz or higher, averaged 
signals are monitored, namely, DPD signals obtained from respective pits are 
averaged over a time interval corresponding to about 50 kHz and then 
monitored. Prom this figure, it can be understood that it is necessary to 



adjust the existence ratio between the pits having the respective depths such 
that the tracking servo signal resiilted firom averaging over a time interval 
shorter than the response time of the tracking servo system is not 0, 
[0029] 

This will be described in more detail using Fig. 1. Fig. 1 is a 
schematic diagram of an exemplary optical recording medium according to 
the present invention. Fig, 1(a) represents pits arranged in a row to form a 
track and Fig, 1(b) represents the cross sectional areas of the pits, wherein 
pits having depths Dl and D2 are mixedly provided and formed such that the 
averaged DPD signal and the averaged push-pull signal obtained from the 
pits having the depth Dl arc greater than the averaged DPD signal and the 
averaged push-pull signal obtained from the pits having the depth D2, 
within a time interval corresponding to a period corresponding to a 
frequency of about 50 kHz, which is ten times the actuator responce speed 5 
kHz. 

[0030] 

Figs. 1(c) and (d) represent the push-pull signals before and after 
passing through the low-pass filter, when the light beam spot travels while 
being deviated from the track center by a certain distance, 
[0031] 

As illustrated in Fig, l(c), a push-pull signal is generated eveiy time 
the beam spot passes over a pit and wherein the push-puU signal exhibits the 
opposite polarities for the shallow pits and for the deep pits, before passing 
through the low-pass filter. When the signal is passed through the low-pass 
filter, the high-frequency components are cut-away (averaged), resulting in 



the push-pull signal as illustrated in Fig. 1(d)* By utilizing the signal of Pig* 
1(d) as the tracking servo signal, it is possible to provide, to the actuator, a 
thrust corresponding to the deviation of the beam spot from the track. 
While the push-pull signal is described in this figure, this can be applied to 
the DPD signal. 
[0032] 

As described above, by adjusting the existence ratio between pits 
having a predetermined depth of Dl and pits having a predetermined depth 
of D2 such that the signals obtained from the pits having the predetermined 
depth Dl and from the pits having the predetermined depth D2 within a 
predetermined time interval are not 0 and one of their polarities can be 
obtained, the tracking servo signal wiU not become 0 even when the 
conventional DPD method or the push-pull method is employed, which 
enables tracking in principle. 
[0033] 

This will be further described using a time scale and a space scale. 
Fig. 10 represents a state where the track is meandering. When the period 
of the meander is about 1/5 ksec, the actuator can follow the meander of the 
track, thus accurately traveling over the track. 
[0034] 

Since the appearance of pits occurs at several MHz, about 1000 pits 
appear within a single period of the meander of the track. Even when 
another mender having a frequency of several tens of kHz is superposed on 
the meandering track of Fig. 10, the actuator can not follow the mender 
having the higher frequency and follows only the mender having a frequency 



of several kHz. This is because of the mechanical responso performance of 

the actuator. 

[0035] 

Generally, the actuator is fed with signals having frequencies which 
axe equal to or less than several times that of the response performance of 
the actuator. This is because, when input signals have excessively low 
frequencies, the actuator can not sufficiently exhibit its mechanical response 
performance, while unnecessarily high firequendes input thereto will cause 
heat generation or damages in the coil constituting the actuator. 
[0036] 

In order to enable inputting signals having firequendes below about 
several times that of the response performance of the actuator, signals are 
input thereto after they are passed through a low-pass filer. When such 
signals are passed through a SOkHz-low-pass filter as in this example, input 
signals averaged over a time interval corresponding to about 50 kH» are 
generated, as previously described. This corresponds to about I/IO of the 
period of the meander of Pig. 10 and thus about 100 pits appear therewithin. 
TTjerefore, when the ratio between the shallow pits and the deep pits is 
a<yuated to be other than i:i for every about 100 pits, the tracking servo 
signal will not become 0, thus enabling provision of a tracking servo signal. 
[0037] 

Next, there will be described an actual tracking method for a disk 
having an adjusted existence ratio between the pits having the depth Dl and 
the pits having the depth D2, as previously described. When the existence 
ratio between the pits having the respective depths is adjusted such that an 



equivalent DPD signal can be obtained over the entire disk, a single gain 
value can be utilized for the tracking servo. When the tradong is 
performed for a disk which generates a DPD signal having a varying 
iamplitude depending on the position, as illustrated in Fig. 4. a command for 
changing the gain is generated to a gain variable amplifier 10 which is fed 
with the DPD signal, such that the resultant tracking servo signal has 
substantially a constant amplitude over the entire disk. The gain value 
used herein can be changed among positive values when the DPD signals 
obtained from the pits having the depth Dl ate dominant while it con be 
changed among negative values when the DPD signals obtained from the 
pits having the depth D2 are dominant, to enable normal tracking. 
Generally, when the change in the amplitude of the tracking servo signal is 
3dB or less, it is possible to cope therewith using a single gain value. 
However, when the change may exceed this value, it is necessary to change 
the gain value. 
[0038] 

Next, the push-puU signal will be described. The tracking servo 
signal generated in accordance with the push-pull method during track 
crossing was observed for various existence ratios between the pits having 
the respective depths, and Pig. 6 represents the result of the observation. 
Similarly to Pig. 3, the ampUtude of the push-puU signal varies depending on 
the existence ratio between the pits having the respective depths. 
Therefore, similarly to the case of the DPD signal described above, by 
adjusting the existence ratio between the pits having the respective depths 
such that one of the polarities of the push-pull signals is dominant, a 



tracking servo signal is obtained* Fi^, 6 is a block diagram of a device for 
generating stable tracking servo signals even for a disk which generates 
push-pull signals with varying amplitudes depending on the position thereon. 
As described in the description of Pig. 4, by amplifying the push-pull signal 
with an appropriate gain, it is possible to generate substantially a constant 
tracking servo signal, thus enabling stable tracking. This gain is controlled 
on the basis of the output tracking signal, which is created by averaging a 
signal of about 50 kHz as aforementioned. 
[0039] 

While the aforementioned optical disk has a track consisting of only 
pits, it is not necessarily that the track consists of only pits, and as 
illustrated in Fig. 7, the optical disk may have a track consisting of pits and 
recording marks. DPD signals can be also obtained from recording marks 
and therefore, if pits and marks are mi^edly provided, when the existence 
ratio between the pits and the marks is adjusted such that the DPD signals 
have the same polarity, it is possible to obtain tracking signals through the 
DPD method. Also, when the amplitude of the DPD signal varies depending 
on the position, by providing a proper gain for each position, it is possible to 
obtain substantially a constant tracking servo signal. 
[0040] 

Similarly, an optical disk as a£3rementioned may have a track 
consisting of pits and grooves as illustrated in Fig. 8. Push-pull signals can 
be also obtained from grooves and, if pits and grooves are mixedly provided, 
when the existence ratio between pits and grooves is adjusted such that the 
push-pull signals can have the same polarity, it is possible to obtain tracking 



signals in accordance with tha push-pull method. Also, when the amplitude 
of the DPD signal varies depending on the position, by providing a proper 
gain for each position, it is possible to obtain substantially a constant 
tracking servo signal. Here, the same thing is applied to the relation 
between lands and pits, instead of grooves. 
[0041] 

The adjustment of the existence ratio between pits having respective 
depths may be attained by various manners depending on the data 
modulating method and one example will be described later. As in Fig. 9, it 
is assumed that four pits form a single unit of data, and R2 OSetum to Zero) 
modulation recording is performed. It is assumed that four pits including a 
head pit having a small depth represent 0 while four pits including a head 
pit having a large depth represent 1. Further, it is determined in advance 
that the pits other than the head pit have a smaU depth. By adopting this 
modulating method, it is possible to certainly deviate the existence ratio of 
the respective pit depths from HI, namely enabling obtaining a tracking 
servo signal. 
(0042] 

Also, it is apparent that the light wavelength, the optical system, the 
disk thickness, the pit length, the mark length, the track pitch, the linear 
velocity and the actuator response speed are not limited to those descried 
above and may be any proper values in accordance with various case. 
Further, the modulating method is not limited to an RZ method as previously 
described and, by evaluating the direct current component of the modulating 
signal in the depthwise direction using DSV (Digital Sum Value) and 
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controlling the modulation such that the DSV is a value other than 0, it is 

possible to certainly obtain a tracking servo signal. 

(0043J 

[Effects of the Invention] 

According to the present inventioa, for an optical recording medium 
having pits, marks and grooves provided mixedly for generating DVD signals 
or push-pull signals with opposite polarities, the existence ratio among the 
pits, the marks and the grooves is acijusted to certainly obtain a tracking 
servo signal, which is resulted from averaging over a predetermined time 
interval shorter than the response time of the tracking servo. 
Consequently, it is possible to certainly generate a tracking servo signal. 
[0044] 

Further, by making the gain of the tracking servo variable depending 
on the amplitude of the tracking servo signal resulted from averaging over a 
predetermined time interval shorter than the response time of the tracking 
servo, it is possible to constantly provide a stable tracking servo signal, thus 
enabling stable tracking control. 

[Brief Description of the Drawings] 

Kg. 1 is a schematic diagram illustrating an optical disk according to 
an embodiment of the present invention. 

Fig. 2 is an explanation view of the relationship between the pit 
depth and the tangential push-pull signal or the BF signal. 

Fig. 3 is a view illustrating the relationship between the amplitude of 
the DPD signal and the ratio between numbers of pits having different 
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depths. 

Fig, 4 is a block diagram of a device according to an embodiment of 
the present invention. 

Kg. 5 id a view illustrating the relationship between the amplitude of 
the push-pull signal and the ratio between the numbers of pits having 
different depths. 

Pig. 6 is a block diagram of a device according to another embodiment 
of the present invention. 

fig. 7 is a schematic diagram illustrating an optical disk according to 
another embodiment of the present invention. 

Fig. 8 is a schematic diagram illustrating an optical disk according to 
a fiurther embodiment of the present invention. 

Fig. 9 is a view illustrating a modulating method. 

Fig. 10 is a view illustrating a track and the tracking servo. 

Pig. 11 is a block diagram of a conventional tracking-servo signal 
generating device. 

Fig- 12 is a block diagram of another conventional tracking-servo 
signal generating device. 

Fig, 13 is a view illustrating the principle of reproduction of a disk 
having signals recorded in the depth-wise direction, using the tangential 
push-pidl signal 

[Description of the Reference Numerals] 

1 light beam 

2 photo detector 



3-1, 3-2 adding drcuits 

5-1, 5-2 comparators (comparing circuito) 

7 phase comparing circuit 

81, 8-2LPF8 

9 di£ferential drcuit 

10 gain variable amplifier 

17 di£Eerential drcuit 

18 LPF circuit 
31,32 pits 



[Title of Document] ABSTRACT 

[Abstract] 

CE^roblema] 

For an optical disk on which pits having different polarities 
depending on the pit depth are recorded, if the existence ratios of the 
respective pits are equal, the tracking signals having opposite polarities are 
averaged, which prevents generation of tracking signals. 
[Means for Solving] 

The existence ratio between the pits having the respective pits, the 
existence ratio between pits and marks, and the existence ratio between pits 
and grooves are adjusted to enable certainly generating a tracking signal 
[Selected Figure] Fig. 1 
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